The world's first 25 kW laser welding machines at its 24-inch pipe mill has been installed. The technology for the high-power laser pipe welding process that assures welds with the same properties as those of the base metal while maintaining high productivity has been started to develop. Key technologies for this process such as high power laser welding, high-accuracy seam tracking and nondestructive inspection have been successfully established. The results obtained are as follows.
(1) The productivity of this process is much higher than conventional fusion weldings, e.g., SAW for less than steel plate 16 mm thick.
(2)High energy density of laser beam helps to produce finely distributed oxides. (4)The performance of the welds was as sound as the base metal by using the heat treatment process after high-power laser welding.
(5)The characteristics of low temperature toughness and SSCC etc. of the laser welds are almost at the same level as the base metal.
Introduction
Laser beam is now drawing attention as a heat source for welding. Laser beam welding (LBW) provides a high energy density, and therefore allows high welding speeds with low heat input. Furthermore, LBW does not generate X-rays, unlike electron beam welding (EBW).
In the steel industry, LBW has been used for manufacturing small diameter stainless steel welded pipes, and for welding hot or cold rolled steel sheets in the continuous coil welding lines. However, only small capacity laser welding equipment of up to 10 kW has been used, and the applications have been limited to welding steel sheet less than 5 mm thick because of technological limitations on laser output power capacity and the need for consistent product quality.
It has often been cited that there were no welding methods in use that provided both high quality welding performance and high productivity. Therefore, the attainment of both has long been a technical challenge in this field. For example, fusion welding methods, such as submerged arc welding (SAW), tungsten inert gas welding (TIG), and plasma welding method, provide high performance, but the productivity is low.
On the other hand, pressure welding methods, such as electric resistance welding (ERW), yield high productivity, but their application is limited due to the lower qualities of the weld seam. with an optimized gas flow rate and gas flow angle was developed first. Helium was selected because of its high thermal conductivity and ionization potential. Helium gas with the flow rate of 100 1/min was supplied from the front side against the laser beam using the copper nozzle with the inner diameter of 8 mm. And Argon gas was supplied as the back shieldeng gas.
The relationship between the penetration depth and welding speed when using the plasma suppression technology is shown in Fig. 3 for various laser powers. This result is obtained by bead on plate welding test.
For example, a 12 kW laser achieves a 10 mm penetration depth when the welding speed is 2.5 m/min., while a 25 kW laser achieves the same penetration depth at 5 m/ min. High-speed welding using the 25 kW laser was confirmed.
Furthermore, the effect of preheating on increasing the welding speed was investigated using pipe fabrication line with the plate thickness of 10 mm carbon steel.
Only the edge of the steel plate was heated by the high frequency heat source. are also generated by the reaction between the molten metal and the atmosphere surrounding the weld pool.
The extent of blowholes varies with the type of shielding gas.
In this case, shielding gas means back shielding.
Without back shielding gas, oxygen from the atmosphere combines with carbon in the molten metal, bubbling out as carbon monoxide and resulting in entrapped blowholes.
With nitrogen shielding, blowholes are generated by the difference in nitrogen solubility between he solid and liquid phases.
Argon does not react with the molten metal, and reduces CO generation and the amount of blowholes. Very small blowholes with the diameter of less than 0.
1 mm are generated.
Because the blowholes are extremely small, the detection of the gas species in the blowholes is difficult. Gas species in the blowholes were mainly argon. The quality of this weld metal is the most severe B grade in ISO This demonstrated that inert gas back shielding is essential to reduce blowholes when welding carbon steel. These results confirmed that a sound weld could be obtained by optimizing the plasma suppression gas (helium gas flow rate 100 1/min), back shielding gas (argon gas flow rate 20 1/min) and by using extrusion pressure by squeeze rolls. Table 3 lists the tests carried out to examine welds cut from the welded pipes.
Laser weld metals with an oxygen content of 500-800 ppm were made by welding steel plates on which oxidation films were formed in the heat-treatment furnace.
Experimental results

3.2.1
The quality of weld metal Table 2 Chemical composition and mechanical properties of high strength hot rolled carbon steel. Table 3 Evaluation tests.
(1) Macro, Microscopic examination (2) Disribution of oxide inclusions 
3.2.5
Resistance to sulfide stress corrosion cracking (SSCC) and hydrogen induced cracking (HIC)
The SMYS of laser weld metal was more than 80% in the tension test per NACE TMO177-90 Metcod A. The weld metal performed the same as the base metal in terms of SMYS. This is because inclusions in the weld metal are minute, and there is no irregular metal flow close to the weld. HIC did not occur in the weld metal.
Conclusions
The world's first 25 kW laser welding equipment at its 24-inch pipe mill has been installed.
The High power laser welding process has been successfully developed to ensure welds with the same characteristics as those of the base metal, while maintaining high productivity.
(1)The productivity of this process is much higher than conventional fusion weldings, e.g., SAW for less than steel plate 16 mm thick.
(2)By using the high frequency heating, the weld speed can be remarkably increased.
An increase ratio with full penetration welding speed at preheating temperature TP to that at the room temperature TR is given by the following formula.
VP/VR = (TM-TR) / (TM-TP) (3)By compressing the weld metal and using back shielding inert gas, the blowhole can be approximately prevented. (5)The laser weld metal consists of fine ferrite because fine oxides act as nucleation sites for ferrite during transformation from austenite to ferrite.
(6)The performance of the welds was as sound as the base metal by using the heat treatment process after high-power laser welding.
(7)The characteristics of low temperature toughness and SSCC etc. of the laser welds are almost at the same level at the base metal.
